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ABSTRACT   
In this paper we demonstrate the capability of non-spherical dielectric objects to generate terajets ‒ similar to the 
photonic nanojets ‒ at Terahertz frequencies. We investigated numerically three geometries with non-usual shape and 
compared them with a common dielectric sphere. The focusing terajet performance was evaluated and one of the 
proposed geometry shown an enhancement power ~32 times with respect to the incident wave power. Using harmonic 
frequencies to excite the geometries, the power enhancement can achieve an intensity of ~64 times.  
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1. INTRODUCTION  
The first definition of a photonic nanojet as distinct electromagnetic device and the coining of the term photonic nanojet 
were reported in 2004 by Chen1. Since then, many works are being developed focusing on properties, and potential 
applications of the photonic nanojet2. A photonic nanojet is a narrow, non-evanescent and high-intensity beam of 
electromagnetic wave that emerges from the shadow-side surface of a plane-wave-illuminated dielectric microsphere of 
diameter larger than the wavelength, λ0, and has a subwavelength waist. The full-width at half-maximum (FWHM) of 
transverse beam-width can be smaller than the classical diffraction limit, ~ λ0/3 in microspheres
2, what overcomes the 
limit imposed by diffraction of electromagnetic waves. Due their properties, photonics jets present potential application 
for detecting3,4, sizing3,4 and manipulating nanoscale particles5, enhanced of Raman scattering6, scanning7 and 
microscopy8. Recently, works have demonstrated, numerically and experimentally, the ability to produce jets at sub-
terahertz and terahertz (THz) frequencies, called terajets7,9. The purpose of a dielectric structure operating at THz range, 
is related to the increasing advancement of THz technology to application in several areas, such as biology and 
medicine10, telecommunications11 and spectroscopy12. The THz waves, between 30-3000 μm spectrum range (0.1-10 
THz), have received such attention because they have low energy, good penetration in many materials and can be 
transmitted with negligible losses in dry air.  
In this paper, we numerically demonstrate the ability of a dielectric sphere and other three 3D non-spherical dielectric 
geometries to produce jets in the THz frequencies. Numerical analyzes based on Finite Difference Time Domain method 
(FDTD) were performed to evaluate the power enhancement distribution in the vicinity of the dielectric geometries. For 
completeness, we numerically evaluate the focusing properties of non-spherical objects at harmonics THz frequencies.  
2. NUMERICAL ANALYSES 
2.1. Numerical modeling 
To evaluate the terajet and the backscattering properties of proposed 3D geometries, the transient solver of the 
commercial software CST Microwave StudioTM was used. The 3D geometries were modeled inside a computational 
domain with a background index n=1 (vacuum) and open boundary conditions. The excitation was a vertically (Ey) 
polarized plane wave at f0= 0.1 THz (λ0=2.99792 mm). The considered refractive index to the geometries was n=1.44, 
equivalent to low-density polyethylene (PTFE) at THz frequencies13. The considered axisymmetric geometries and the 
geometrical parameters are presented in Figures 1(a)-(d), A, B, C and D geometries, respectively. The geometry A is a 
common sphere with diameter d=5 mm. The geometry B presents length l=6 mm, front diameter df=8 mm and bottom 
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diameter db=4 mm. Geometry C presents l=6 mm, db=6 mm, and a longitudinal section formed by a equilateral triangle. 
Finally, the geometry D presents a total length l=3.75 mm, df=2.25 mm, dy=6 mm and z radius rz=1.5 mm. 
2.2. Numerical results 
The application of jets to microscopy and scanning is mainly limited by the short length of the jet. Recently, some works 
explore the condition to have jets outside geometry9 and long length8, since jets with short length just allows detecting 
particles near the geometry surface. Non-spherical geometries have demonstrated ability to produce jets outside the 
structure9,14. The Figure 1(a)-(d) also present the terajets emerging from the surface of 3D objects at 0.1 THz. It can be 
observed in Figure 1(a) that the high-intensity terajet is partially located inside the geometry, resulting less power at 
focal position. When the geometry shape is changed, the terajet shift outside the structure having more power at focal 
position besides a longer length. 
 
 
 
 
 
 
 
 
 
 
Figure 1. Power flow of 3D (a) spherical geometry and (b)-(d) non-spherical geometries at frequency of 0.1 THz and 
respective geometrical parameters. 
The primary properties to characterize jets are the width and the length, where the width determines the resolution of the 
terajet and the length indicates the scanning depth capacity. The FWHM along y transversal direction at focal point to 
geometries A, B, C and D are 0.418λ0, 0.396λ0, 0.593λ0 and 0.55λ0, respectively. Previous works demonstrate that 3D 
geometries present a quasi-symmetric terajet9, and then it was considered the same resolution to x-y axis. The Figure 2(a) 
shows the enhanced power along y-axis at the focal point of each structure. The enhanced power was obtained by 
normalizing the terajet results with that obtained without the presence of geometry. It can be notice that the geometry B 
presents an intensity enhancement ~32 times the incident pane wave and the FWHM of 0.396λ0.  
 
Figure 2. (a) Enhanced power distribution along y-axis. (b) Enhanced power distribution along z-axis. 
The Figure 2(b) shows the enhanced power along de z-axis. With this information, it is possible to determine the terajet 
exploration range (Δz) as the distance from the focal point at which the intensity enhancement decays to half of its 
maximum value9. The Δz from the focal point is 0.45λ0, 0,5λ0, 1.6λ0 and 1.1λ0 to geometry A, B, C and D respectively.  
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These values demonstrate that terajets with low intensity power decay smoothly compared to the high intensity terajets. 
Focusing on microscopy and particle detection based on backscattering enhancement, the geometries with long 
exploration jet range could be a better solution15. 
We analyzed the terajet enhancement power and Δz at higher harmonic frequencies. In Figure 4(a)-(b) the enhanced 
power is presented to fundamental frequency f=f0 (λ0=2.99792 mm), first f=2f0 (λ0/2=1.498962 mm) and second f=3f0 
(λ0/3=0.9993081 mm) harmonic frequencies. To all geometries and frequencies a terajet is produced (shown inset 
Figure 4(a)-(d)), but only the geometry B presents a terajet with focus point inside the structure at λ0/2. As can be noted, 
the highest intensity is obtained at λ0/3 and the longest Δz at λ0 (excluding geometry B at λ0/2). Besides, when the 
frequency is increased the terajet width becomes narrow. To all evaluated harmonic frequencies, subwavelength 
resolution is achieved.  
 
 
 
Figure 3. Analysis of enhanced power distribution along z-axis to fundamental f(λ0) and harmonic f(λ0/2, λ0/3) frequencies 
for (a) geometry A, (b) geometry B, (c) geometry C and (d) geometry D. 
CONCLUSION 
The ability of non-spherical geometries to produce jets at THz frequencies (0.1 THz) was numerically demonstrated. The 
comparison among a terajet produced by a sphere and non-usual shapes demonstrates that when the geometry shape is 
changed, the terajet shift outside the structure having more power at focal position besides a longer length. The geometry 
B presents an intensity enhancement ~32 times with respect to the incident pane wave and a high spatial resolution width 
of 0.396λ0. The production of terajets were investigated for harmonic frequencies of f0. All geometries at all frequencies 
produce a terajet, excluding geometry B at λ0/2. Moreover, the highest intensities are obtained at λ0/3 and the longest Δz 
at λ0. Besides, when the frequency is increased the terajet width becomes narrow achieving subwavelength resolution 
which could be applied in terahertz microscopy devices.  
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